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The first of the three experiments reported herewith was undertaken to com- 
pare  the  relative  capacities  of  cortisone  acetate  and  desoxycorticosterone 
acetate (DCA) in maintaining the adrenalectomized rat on a  sodium-restricted 
regimen. The most striking finding in the course of observation was the develop- 
ment  of  marked  hypertension  in  the  cortisone  acetat~injected  animals  in 
contrast  with  the  rats  treated  with  DCA,  which  remained  normotensive. 
Because of this unexpected finding, observations were extended in Experiment 
2  to  include  comparisons of  these  two steroids  in adrenalectomized  rats  of 
another sex and source and on a  high sodium regimen as well as on a  sodium- 
restricted one. The hypertensive effect of cortisone acetate in the latter group 
was confirmed. Experiment 3  was added to study the effects of cortisone ace- 
tate and DCA in intact as well as in adrenalectomized rats,  on both high and 
low sodium regimens. 
Incidentally to the effects of the two steroids on blood pressure, observations 
on body and organ weights, serum electrolytes, and histological findings are re- 
ported. 
Experiment 1 
Procedure:-- 
Nineteen  male  28-day-old Sprague-Dawley rats  were obtained  from the colony of Dr. 
H. S. Simms and placed on the following diet:-- 
.......................................................  21.0 per cent 
We~on  oil ...................................................  4.0  *'  " 
Cod liver oil ..................................................  1.5  "  " 
Wheat germ oil ................................................  0.5  "  " 
Calcium carbonate .............................................  1'5  "  " 
Sodium chloride ..............................................  )1.0 "  " 
* This study was supported in part by a research grant from the National  Heart Institute, 
Public Health Service and in part by the Albert and Mary Lasker Foundation. 
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Whole wheat flour ............................................  65.5  "  " 
Dried Pabst yeast ............................................  5.0  "  " 
At the end of 3 weeks of observation, when the rats had attained an average weight of 143 
gin. (range 119 to 172 gin.) they were bilaterally adrenalectumized and placed in individual 
cages. Physiological saline was substituted for tap water in the drinking bottles and the basic 
diet was altered to contain 1.7 per cent sodium chloride. On analysis this "high sodium diet" 
was found to contain 30.6 m. eq. of sodium and 9.3 m. eq. of potassium per 100 gin.  20 gin. 
was offered to each animal and its food consumption measured daily, using a  feeding box 
device which afforded an accuracy of plus or minus 0.5 gm. Body weights were recorded daily. 
Four days were allowed to elapse for recovery from the operative procedure. During this 
time food intake and body weight returned to the preoperative levels. The animals were then 
placed on sodium restriction; tap water was substituted for saline and sodium chloride was 
omitted from the basic diet. This sodium-poor diet, on repeated analyses, contained not more 
than 2.2 m. eq. of sodium and 8.6 m. eq. of potassium per 100 gm. The sodium content of the 
tap water was found to be negligible. In growth studies Grnnert, Meyer, and Phillips (1) 
have reported this percentage of sodium to be at the lower limit of that which is necessary for 
satisfactory growth in weanling rats. 
At the  time sodium  restriction was instituted the animals were divided into 3  groups: 
group A  served as controls, group B  received 2.5 rag. of DCA daily, subcutaneously? and 
group C received 2.5 rag. of cortisone acetate daily, subcutaneously.  2 The DCA was suspended 
in sesame oil, 5 rag. per mi.; the cortisone acetate, in similar concentration, was suspended in 
the following vehicle: Tween 80 0.4 per cent, sodium carbexymethylcelhlose 0.5 per cent, 
ber~yl alcohol 1.5 per cent, and sodium chloride 0.9 per cent. Blood pressure readings, de- 
termined by the indirect microphonic manometer method of Friedman and Freed  (2), were 
made without the use of anesthesia or curare. Random urine specimens were examined for 
glucose  3  days  before  termination  of  the  experiment. 
Re~l~  :-- 
Daily food intakes and weight changes are set forth in Chart  1, Experiment 
1.  In  the control  animals on  sodium  restriction,  group  A,  food  intake fell  off 
rapidly, the animals lost weight, and all died within a period of 5 to 10 days. 
No adrenal tissue could be demonstrated at autopsy. The animals receiving 
DCA, group B,  continued to eat well and gained weight progressively. The 
animals receiving cortisone acetate, group C,  although eating nearly 75  per 
cent as much as those of group B, lost weight as dramatically as the controls. 
Unlike the control rats, however, they continued to live and, moreover, ap- 
peared  hyperactive.  3  days  before  sacrifice,  qualitative  Benedict  tests  for 
glucose done on the urine of 4 of these 6 animals, gave negative results. 
Thirteen and 15 days after the institution of sodium restriction, blood pres- 
sures were determined. All the rats receiving cortisone acetate were strikingly 
hypertensive (Table I, Experiment 1),  whereas the readings obtained in  the 
rats receiving DCA were commensurate with normal rats of this age  (3). 
After 16 days of restricted sodium intake, the rats of groups B and C  were 
1 The DCA was supplied  through the generosity of Dr.  Kenneth Thompson of  Roche- 
Organon, Orange, New Jersey. 
l The cortisone acetate was made available through the generosity of Merck and Company, 
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sacrificed with ether, prior to which individual blood samples were drawn  and 
analyzed for sodium (4), potassium  (4), and urea nitrogen (5). The results  are 
shown in Table I, Experiment  1. The serum sodium levels were normal in both 
groups,  as were  the potassium  values  in  the  DCA-treated  group.  2  of the  6 
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C~T  1.  Experiment 1.  Effect  of  cortisone acetate and  of  ]:)CA in  adrena]ectomized 
rats on sodium-restricted  intake. 
animals receiving cortisone acetate had urea nitrogens in excess of 30 nag.  per 
cent, while in all the DCA-injected rats the concentration of urea was normal. 
This  table  shows the  extraordinary  disparity in body weights which was  ob- 
served among the animals receiving the two different steroids. 
Experiment  2 
Procedure:- 
One hundred and fifteen female Sprague-Dawley rats, weighing between 90 mad 100 gin., 
were obtained from the Holtzman-Rolssmeyer  Co. and divided into 12 groups as shown in 
Table II, Experiment 2. The technique of feeding was similar to that employed in the first 190  ARTERIAL  HYPERTENSION  IN  ADRENALECTOMIZED  RATS 
experiment, with the exception of groups VI and XII. In these two groups the amount of food 
offered daily was limited so that, for purposes of comparison, the group VI rats would lose 
weight at the same rate that spontaneous weight loss occurred in group IV, and so that group 
XII animals would maintain the steady weight obtaining in group X. 
Groups I  and VII were bilaterally sham adrenalectomized upon reaching 130 gm.; groups 
II, III, IV, VIII, IX, and X  were bilaterally adrenalectomized at this same weight; the re- 
maining groups were not subjected to operation. 
Mter a  3  to 4  day postoperative recovery period,  groups I  through IV were placed on 
sodium restriction while groups VII through X  were continued on the high sodium regimen. 
Groups III and IX received 2.5 mg. of DCA daily, and groups IV and X, 2.5 mg. of cortisone 
acetate daily subcutaneously. 
The rats in the unoperated groups were maintained on a  1 per cent sodium chloride diet. 
Groups V and XI were included in order to determine expected values for heart and kidney 
TABLE  I 
Exp~imentl 
No. of rats ........................................ 
Body weight (average), gm ................ 
Blood pressure, ram.  ]rig 
Day 13 ............................... 
"  15 ............................... 
Serum sodium, m.eq./l .................... 
"  potassium, m.eq./l  ................. 
Urea nitrogen, rag.  per ce~# ................ 
DCA 
Average 
212 
149 
151 
140 
4.5 
20 
Cortisone acetate 
6  6 
Range 
2O2-233 
129-163 
138-168 
138-144.5 
4.2-5.1 
17-22 
i  Average  Range 
110  96-128 
204-219 
.9  136.2-144.5 
I-Iemolyzed 
28  l  21-36 
weights in normally growing rats and thus to furnish figures for comparison with those in the 
experimental groups. Group V wassacrificed upon reaching a weight of 105 gm. and group XI 
at 130 gin. The animals of groups VI and XII were allowed to attain a  weight of 130 gin., 
following which they were placed upon a  restricted food intake for reasons described above. 
As in Experiment 1, food intake and weight were recorded daily for each animal. 
Preliminary blood pressure readings were made on the rats of all groups except group V. 
During the experimental period blood pressure readings were repeated at 1 to 2 week inter- 
vals. In the animals of group II only one reading was made during the period of sodium with- 
drawal, 3 days after the initiation of this regimen. 
At the end of 18 to 22 days of observation the rats of  groups I, III, IV, VI, VII, VIII, 
IX, X, and XII were anestheti-.ed with ether, bled from the aorta, and sacrificed. Individual 
serum samples were pooled according to group for determination of sodium (4), potassium 
(4), carbon dioxide content (6), chlorides (7), total proteins (8), urea nitrogen (5), and choles- 
terol) At sacrifice,  or as in the case of the group II animals, at death, the body, heart, and 
kidney weights were recorded. In all groups sections of heart, kidney, thyroid, and mesenteric 
lymph nodes were fixed in Zenker's solution for histological study. 
s We are indebted to Dr. Liese Lewis Abell, at Goldwater Memorial Hospital, New York, 
for these cholesterol determinatiar~. ~,hlch were done by the Kendall-Lewis method (9). KI~OWLTON,  LOEB~  STOERK~  WHITE~  AND  HEYFERN'AN  191 
Results:  w 
Food  Intake  and  Weight  Changes  (Charts  2  and  3,  Experiment  2).--On 
sodium restriction, the sham adrenalectomized control rats of group I  gained 
an average  of  55  gin. during the  3  week  experimental period.  On  the  same 
regimen,  the  adrenalectomized  control  rats  of  group  II  showed  a  prompt 
TABLE  II 
Experiment g 
Allocation of Animals 
Group  No. of  Sodium 
rats  intake 
I  8  Low* 
II  10  " 
III  9  " 
IV  10  " 
V  10  Normal 
VI  10  " § 
VII  8  High[[ 
VIII  I0  " 
IX  10  " 
X  10  " 
XI  10  Normal 
XII  10  "  ** 
Steroids 
None 
tc 
DCA, 2.5 mg. d~ly 
Cortisone  acetate, 
2.5 rag. dally 
None 
t~ 
Operation 
Bilateral sham adrenalectomy 
"  adrenalectomy 
¢c  ct 
¢#  ¢t 
None 
Bilateral sham adrenalectomy 
"  adrenalectomy 
None 
¢c 
DCA, 2.5 mg. dally 
Cortisone  acetate, 
2.5 rag. daily 
None 
~c 
None 
~c 
Duration ol 
observatlor 
on experi- 
mental 
regimen 
days 
21 
2to16 
21 
21 
18 
21 
21 
21 
21 
--¶ 
18 
* Low sodium diet =  2.2 m.eq. Na per  100 gm. diet. 
~t Animals in this group sacrificed on reaching weight of 105 gm. 
§ Animals in this group partially fasted to approach body weights of animals in group IV. 
[[ High sodium diet  =  1.7 per cent NaC1 added  to low Na diet, plus normal saline as 
drinking water. 
¶ Animals in this group sacrificed on reaching weight of 130 gm. 
** Animals in this group partially fasted to approach body weights of animals in group X. 
decline in food intake and lost weight; 8 of 10 were dead by the 6th day, and the 
last died on the 16th day of sodium restriction. Group III, bilaterally adrenal- 
ectomized rats receiving 2.5 mg. of DCA daily, ate well and gained somewhat 
more rapidly than the sham operated controls (the difference between growth 
of the two groups was statistically significant, P  being less than 0.01). Again 
as  in  Experiment  1,  the  adrenalectomized  rats  receiving cortisone  acetate, 192  ARTERIAL  HYPERTENSION  IN"  ADRENALECTOM.IZED  RATS 
group  IV,  lost  weight  rapidly  although  they  were  eating  three-quarters  as 
much as the animals in groups I  and III. In order to achieve a  similar weight 
loss in the control partially fasted* rats of group VI, it was necessary to reduce 
the  intake  of the  latter  to  one-half  that  of  these  cortisone  acetate--injected 
animals. 
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CHART 2.  Experiment 2. Effect of cortisone acetate  and  of DCA in rats on sodium-re- 
stricted intake. 
On the high sodium regimen, the bilaterally adrenalectomized rats of group 
VIII ate and grew quite as satisfactorily as the sham operated control rats of 
group VII. The adrenalectomized rats receiving ])CA, group IX, ate similarly 
but gained more rapidly. This could in part be explained by the excess fluid 
accumulation  which  these  animals  showed  at  sacrifice.  On  the  high  sodium 
regimen the adrenalectomized rats receiving cortisone acetate, group X, did not 
The terms fasted and fasting designate marked, but not complete restriction of food in- 
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lose weight as did those on a sodium-restricted intake; however, they failed to 
gain although their daily food consumption was but slightly less than that of 
rats in groups VII, VIII, and IX. In order to achieve a constant weight in the 
control partially fasted rats of group XII, it was necessary to supply them with 
only three-quarters of the food eaten by the cortisone acetate-injected animals. 
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C]z~T 3. Experiment 2. Effect of cortisone acetate and of DCA in rats on high sodium 
intake. 
Blood  Pressure  (Chart 4,  Experiment  2).--A  slight  rise  in  blood  pressure, 
commensurate with the normal rise seen in growing rats (10, 3), was observed 
in the sham adrenalectomized control groups I and VII and also in the partially 
fasted control rats of groups VI and XII. A sharp drop in pressure was apparent 
in the adrenalectomized control rats, group II, 3 days after the institution of 
the  sodium-poor regimen.  On  the  other hand,  the  adrenalectomized control 
rats of group VIII on a  high sodium regimen without added steroid supple- 
ment  maintained  preoperative  levels  of  blood  pressure.  In  the  presence  of 194  ARTERIAL HYPERTENSION  IN ADRENALECTOMIZED  RATS 
sodium restriction, DCA injections (group III) did not lead to rises in blood 
pressure in excess of those seen in the control sham operated animals; however, 
the provision of a high sodium intake was accompanied by the development of 
a striking and progressively severe hypertension, group IX. As in Experiment 
1,  the  adrenalectomized rats  on  cortisone acetate  showed  a  marked  rise  in 
blood pressure in the absence of sodium, group IV, whereas, in the similarly 
treated group on a  high sodium intake, group X,  the observed hypertension, 
though definite, was statistically less severe (P less than 0.02). 
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CH~T  4.  Experiment 2. Average blood pressure readings. 
Serum  Values (Table IH,  Experiment 2).--The determinations of  sodium, 
potassium, carbon dioxide content, chlorides, total proteins, urea nitrogen, and 
cholesterol gave essentially normal values in the sham operated control groups 
I  and VII as well as in the adrenalectomized control rats on a  high sodium 
intake with no steroid treatment,  group VIII.  Cholesterol determinations in 
both partially fasted control groups VI and XII gave likewise normal results. 
On a high sodium intake the rats receiving DCA, group IX, showed a striking 
elevation of carbon dioxide content, a reduction in chlorides and in potassium; 
in the similarly treated group III animals on restricted sodium,  the only ab- 
normal finding was  a  slight  elevation of the  carbon dioxide content.  In  the KNOWLTON~ LOEB~ STOERK~ WHITE~ AND  HEFFERNAN  195 
cortisone  acetate-injected groups  IV  and X  both on  low  and  high  sodium 
intake, all values were normal with the single exception of significant elevations 
in serum cholesterol. The total protein and urea nitrogen levels gave no evi- 
dence of hemoconcentration. 
TABLE III 
Experiment 2 
Determinations  on Pooled Sera 
No.  Total  Urea 
Group  of  Regimen  Na  +  K ÷  CO~  CI  pro-  nitro-  CholeSterol 
rats  teins  en  g 
Sodlum-restrlcted intake  m.tq./l,  m.eq./l. ~ol.  per  m.tq./l,  gin.  per mg. pet  mg. ptl 
cent  cent  cent  ce~ 
I  ~  Sham adrenalectomized  139.5  5.6(6) ~  --  101.8  6.7  22  88 
control 
II  1¢  Adrenalectomized  con  ........ 
trol 
III  9  DCA q- adrenalectomy  137.5  4.5  60  99.6  6.4  22  79 
IV  1C  Cortisone acetate +  ad-  137.5  5.8  49  102.6  6.6  27  136 
renalectomy 
V  1C  Intact control sacrificed  ....... 
at 105 grn.:~ 
VI  1C  Intact  control  fasted  ......  72 
from 130 to 104 gm.~:, § 
High sodium intake 
VII  8  Sham adrenaleetomized  140.5(6) 5.4(6)  --  99.6(6)  6.9(6)  27(6)  93(6) 
control 
VIII  10  Adrenalectomized  con-  135.5(9) 6.4(7)  52(9) 99.6(9)  6.8(9)23(9)  89(9) 
trol 
IX  10  DCA -{- adrenalectomy  140.0  3.4  81  90.5  6.4  21  85 
X  10  Cortisone acetate +  ad-  135.5  6.4  56  100  6.6  19  144 
renalectomy 
XI  10  Intact control sacrificed  ....... 
at 130 gm.~/ 
XII  10  Intact  control  fasted  ......  80(9) 
from 130to 127 gm.:~,§ 
* Figures in parentheses indicate number of individual specimens pooled for determina- 
tion. Where no parentheses follow figures, pool includes blood from all animals in group. 
Sodium intake in this group normal. 
§ The terms fasted and fasting designate marked but not complete restriction of food. 
Body  and  Organ  Weights  (Table  IV,  Experiment  2).--The  body and  organ 
weights  of  both  sham  operated  control groups and  of  the  adrenalectomized 
control rats on a  high sodium intake without steroid supplement were quite 
comparable.  The  adrenalectomized  control  rats  of  group  II  dying  on  salt 
restriction had organ weights of the same order of magnitude as intact control 196  ARTERIAL  HYPERTENSION  IN  ADRENALECTOMIZED RATS 
animals of group XI sacrificed at 130 gin., the weight at which sodium restric- 
tion was instituted.  The administration  of DCA in the presence of a  limited 
sodium intake resulted in minimal renal but no cardiac hypertrophy as com- 
pared to group I  when the greater body weight of the DCA-treated group is 
taken into consideration. On the other hand cardiac and renal enlargement was 
impressive in the hypertensive DCA-injected animals on a liberal sodium intake, 
~roup 
II 
III 
IV 
V 
VI 
No. 
of 
rats 
8 
10 
10 
10 
10 
10 
VII 
VIII 
IX 
X 
XI 
XII 
Regimen 
Sodiur,  s-reariaed intake 
Sham  adrenalectomized  con- 
trol 
Adrenalectomlzed control* 
DCA +  adrenalectomy 
Cortisone acetate +  adrenalec- 
tomy 
Intact control sacrificed at 105 
gm.$ 
Intact control fasted from 130 
to 104 gnl.$ 
High sodium in~aks 
Sham  adrenalectomized  con- 
trol 
Adrenalectomized  control 
DCA +  adrenalectomy 
Cortisone acetate -{-" adrenalec- 
tomy 
Intact  control sacrificed at  130 
gm.$ 
Intact control fasted from 130 
to 127 gm.$ 
TABLE  IV 
Experiment 2 
Body and Organ Wei 
Body weight 
Aver-  Range 
age 
gm.  gm. 
178  (170-184) 
112  (99-132) 
199  (180-215) 
114  (102-124) 
105  (103-107) 
104  (101-107) 
174  (144-192) 
171  (150-180) 
191  (160-214) 
130  (116-141) 
130  (123-134) 
127  (124-134) 
/~ts 
Heart weight 
Aver-  Range 
age 
mg.  mg. 
695  (608-752) 
526  (425-612) 
759  (669-892) 
558  (502-622) 
482  (422-511) 
409  (386-.444) 
694  (511-820) 
685  (614--772) 
924  (718-1044) 
66O  (561-772) 
585  (531--656) 
469  (433-494) 
Kidney 
Aver- 
age 
mg. 
1459 
1347 
1652 
1275 
1059 
878 
1529 
1502 
2250 
1377 
1376 
1013§ 
weight 
Range 
mg. 
(1323-165¢ 
(1188-165( 
(1443-192C 
(1200-1414 
( 970-113~ 
( 800-937 
(1196-1701 
(1405--1681 
(1707-280~ 
(1252-1512 
(1200-1561 
( 942-1067 
* These animals died in 2 to 16 days after Na withdrawal. 
~: Sodium  intake in these groups normal. 
§ Based on average of 9 animals. 
group  IX.  The  hearts  and  kidneys  of  the  cortisone  acetate-treated  rats  of 
group  IV on sodium restriction  were  significantly heavier  than  those  of the 
animals in group VI which had been fasted to a similar weight; i.e., atrophy of 
heart and kidneys such as might have been anticipated from the over-all weight 
loss did not occur in the presence of the administration of this steroid. This is 
also evident in the group X  rats when the organ weights here are compared to 
those in group XII. 
Histopathology  (Table  V, Experiment  2).--None  of  the  sections  from  the 
sham operated control groups I  or VII, the partially fasted group VI, or the 
adrenalectomized  control  rats  on  high  salt  without  steroid  therapy,  group KNOW'LTON, LOEB, STOERK, WHITE,  AND  HEFFERNAN  197 
VIII, showed anything of significance with the exception of a  definite eosino- 
philia of  tracheal  mucosa  and  mesenteric  lymph  nodes.  In  addition  to  this 
finding both groups of adrenalectomized rats receiving DCA,  groups III and 
TABLE V 
Experiment 2 
Histopatkology 
Group 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
Xll 
Regimen 
Sodiura-restriaed intake 
Sham  adrenalectomized 
control 
Adrenalectomized control 
])CA  +  adrenalectomy 
Cortisone  acetate +  ad- 
renalectomy 
Intact  control  sacrificed 
at 105 gm.* 
Intact control fasted from 
130 to 104 gm.* 
Higk sodium inlake 
Sham  adrenalectomized 
control 
Adrenalectomized  control 
DCA  +  adrenalectomy 
Cortisone  acetate +  ad- 
renalectomy 
Intact  control sacrificed 
at 130 gm.* 
Intact control fasted from 
130 to 127 gm.* 
Kidneys 
gr°a'ts  °f  DCA change in tubules  Other 
lesions 
 -ooooT  7 
10 
9 
10 
10 
9 
8 
10 
10 
10 
10 
10 
No sections examined 
3  014  2  0 
9  11  0  0  0 
No sections examined 
9  0  0  0 
8  0  i  0  10  0  0 
0  0]1  3 
9  0  0 
No sections examined 
No sections examined 
Moderate to 
marked tissue 
eosinophilia 
present in 
417 
7/9 
l/lo 
s/8~ 
sis 
9/lo 
8/lo 
1/8§ 
* Sodium  intake in  these groups  normal. 
:~ Remaining animal in  group  showed  tracheitis, making determination of presence  or 
absence of eosinophilia impossible. No lymph node studied in this group. 
§ One animal: tracheitis; in other animal tracheal tissue and lymph node lost. 
IX, showed renal tubular changes of the same type as previously seen in intact 
rats similarly injected (11). These findings were considerably more striking in 
the animals on a  high sodium intake. One animal in each of the two cortisone 
acetate-treated groups showed  similar tubular  changes  to  a  minimal degree. 
In these latter two groups no other abnormalities were noted in kidneys, heart, 
mesenteric lymph node, or thyroid; the previously mentioned eosinophilia was 
observed in only 2 of these 20 rats receiving cortisone acetate. 198  ARTERIAL  HYPERTENSION  IN ADRENALECTOM'I'ZED  RATS 
Exi~eriment 3 
Procedure:- 
Seventy-four female  Sprague-Dawley  rats weighing between 90 and  100  gm.  from  the 
Holtzman-Rolssmeyer Co. were  divided into 9  groups and allocated as shown in Table VI, 
Experiment 3.  A group of adrenalectomized rats was included to provide comparison with the 
intact groups, and this group was given cortisone acetate in the form of a simple suspension 
in saline  6 to rule out the possibility that the suspending vehicle employed for the steroid in 
Experiments 1 and 2 might be a contributory factor in the development of the observed hy- 
TABLE  VI 
Experiment 3 
Allocation of Animals 
IV 
V 
VI 
Vll 
VIII 
IX 
Group ..  Nr~'t~f 
I  8 
II  8 
III  8 
8 
11 
Sodium 
intake 
Low * 
"  :~ 
High§ 
"  II 
Steroids 
None 
DCA 2.5 mg. daily 
Cortisone  acetate  2.5  mg. 
daily 
None 
Cortisone in suspension 2.5 
mg. daily 
None 
DCA 2.5 mg. daily 
Cortlsone~acetate  2.5  rag. 
daily 
None 
Operation 
None 
~c 
Bilateral  adrenal- 
ectomy 
None 
[  " 
Duration of 
observation  on 
experimental 
regimen 
days 
22 
22 
22 
! 
22 
15 
22 
22 
22 
22 
* Low sodium intake =  2.2 m.eq. per 100 gin. diet. 
:~ Rats  in  this group  partially fasted  to  approximate  body weights observed in  group 
III rats. 
§ High sodium intake  ffi  1.7 per cent NaC1 added to low Na diet plus normal saline as 
drinking water. 
II Rats in this group fasted to approximate body weights observed in group VIII rats. 
pertension. The experimental procedures were similar to those employed in the preceding two 
experiments, with the exception that a  different method was used for the determination of 
cholesterd (12). The adrenalectomized groups were sacrificed after 2 weeks of observation, the 
remaining groups a week later. 
Results:- 
Food Intake  and  Weight Changes (Charts 5  and  6,  Experiment  3).--As  in 
the  adrenalectomized  rats,  the  growth-inhibiting  effect  of  cortisone  acetate 
6 This material was generously provided by Dr. Augustus Gibson of Merck and Company, 
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was evident in these intact animals. Moderate  and comparable weight losses 
were observed in both the high and low sodium intake groups, the extent of the 
loss  being less  than  that  noted  in  the  adrenalectomized  group  V  animals. 
Again it was necessary to reduce the food intake of the partially fasted rats in 
control groups IV and IX  considerably  below that of the  cortisone  acetate- 
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CH~T 5.  Experiment 3.  Effect of cortisone acetate  and  of DCA on rats on sodium-re- 
stricted  intake. 
injected groups in order to effect a comparable weight loss. Both groups of rats 
receiving DCA grew normally. 
Blood Pressure (Chart 7, Experim~t 3).--It  will  be  seen  that  the  hyper- 
tensive  effect of  cortisone  acetate  was  again  demonstrated  in  the  adrenal- 
ectomized rat on sodium restriction, group V. Significant rises in blood pressure 
were noted as early as after 1 week of injections, and striking elevations were re- 
corded during the 2nd week (in two-thirds of the animals readings in excess of 
200 ram. of mercury were obtained). The hypertension seen in these adrenalec- 200  ARTERIAL  HYPERTENSION  IN  ADRENALECTOMIZED  RATS 
tomized animals was more impressive than that observed in intact rats on the 
same regimen, although definite increases in blood pressure were observed in the 
latter groups. In the intact animals the rise was of similar magnitude in both 
the low and high sodium intake groups. 
In the DCA-injected groups, an impressive and progressive elevation in blood 
pressure was recorded in the group (VII) receiving a liberal amount of sodium. 
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CH~J~T 6.  Experiment 3. Effect of cortisone acetate  and  of  DCA in rats on high so- 
dium intake. 
In contrast,  the average pressure of the rats given DCA while on a  sodium- 
restricted  regimen  showed  only  the  minimal  rise  expected  with  growth  (3) 
with  one exception.  This one  animal had  a  reading  of  177  mm.  of mercury 
recorded in the final experimental week. 
Serum Values (Table VII, Experiment 3).--The values obtained for sodium, 
potassium, chlorides, urea nitrogen, and cholesterol were essentially normal in 
the  cortisone  acetate  groups  with  the  exception  of  the  elevated  serum 
cholesterol. In the DCA-treated animals on a high sodium intake, lowering of 
the  serum  chlorides  and  of  the  potassium was  observed; a  reduction  in  the 
serum chlorides was also seen in the DCA group on low sodium intake. 
Body and Organ Weights (Table VIII,  Experiment 3).--The  findings  here KNOWLTON~ LOEB~ STOERK~ WHITE~ AND  HEFFERNAN 
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CHART 7. Experiment 3. Average blood pressure readings. 
TABLE VII 
Experiment 3 
Determinations on Pooled Sera 
Group 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
No. of 
rats 
8 
8 
8 
8 
10" 
Regimen 
Sodlum-restricted  intake 
Control 
DCA 
Cortisone acetate 
Partially fasted 
Cortisone acetate  in  sus- 
pension and adrenalec- 
tomy 
Righ sodium intake. 
Control 
DCA 
Cortisone acetate 
Partially fasted 
Na ÷ 
m.eq./Z. 
140.0 
140.3 
140.3 
140.3 
140.0 
140.3 
140.3 
140.0 
K + 
ra.eq./l. 
4.4 
5.1 
5.8 
4.5 
5.4 
3.3 
5.8 
4.6 
Cl 
m.eq./l. 
98.8 
93.8 
99.4 
100.4 
97.4 
92.6 
99.8 
98.9 
Urea 
nitrogen 
m&. per c~nt 
25 
24 
23 
22 
29 
20 
23 
17 
Cholesterol 
m&. per ¢~ 
83 
87 
121 
72 
139 
99 
91 
136 
78 
* No  blood obtained from  one animal  in  this  group. 202  ARTERIAL  HYPERTENSION  IN ADRENALECTOM3ZED  RATS 
paralleled those obtained in Experiment 2.  The lack of atrophy of heart and 
kidneys was manifest in both high and low sodium intake groups on cortisone 
acetate when comparison was made to weight-paired  controls, groups IV and 
IX.  Marked  cardiac  and  renal  hypertrophy in  DCA-injected  rats on a  high 
sodium intake occurred as expected. In addition, some degree of renal enlarge- 
ment,  although  no  concomitant  cardiac  hypertrophy,  was  evident  in  the 
DCA-treated  animals  on  sodium  restriction. 
TABLE  VIII 
Experiment 3 
Body and Organ Weiglgs 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
~"  Regimen 
Lts 
Sodium-restricted intake 
Control 
DCA 
Cortisone acetate 
Partially fasted 
Cortisone acetate in sus- 
pension  +  adrenalec- 
tomy 
Higk Jodiura i~aks 
Control 
DCA 
Cortisone acetate 
Partially fasted 
Body weight 
Aver 
age 
gra. 
178 
187 
129 
137 
110 
174 
174 
135 
133 
Range 
gra. 
(139-188) 
(171-199) 
(I12-140) 
(131-146) 
(1o4-116) 
(152-192) 
(158-183) 
(122-148) 
(127-145) 
Heart weight 
kver-  age  R anLe 
rag.  I  rag' 
643  (610-716) 
694  (658-761) 
593  { (535-6s2) 
509  (475-565) 
552  ] (505-~0) 
660  (589-776) 
827  (688-926) 
682  (609-733) 
528  (499-560) 
Kidney weight  Adrenal 
weight 
Range  Ave] 
age 
rag.  rag, 
(1305-1454)  54 
(1468-1768) 
(1057-1402) 
(900-I07S) 
(1130-1220) 
(1241-1601)  53 
(1706-2176)  51 
(1310-1762)  26 
(999-1124)  54 
Range 
rag. 
(45-64) 
(48-70) 
(22-30) 
(43-56) 
(46-63) 
(46-62) 
(22-30) 
(44-60) 
DISCUSSION 
The most impressive finding in the above experiments was the striking hyper- 
tension  which  developed  consistently  in  the  adrenalectomized  rat  receiving 
cortisone acetate while on a  sodium-restricted regimen. This observation was 
recorded  in  three  separate  instances,  employing both male and  female rats, 
rats from more than one source, and with steroid injected as a simple suspension 
as  well  as  in  the  commercial  suspending  vehicle.  The  pressor  effect of  this 
steroid  in  adrenalectomized  rats was first  recognized by  Gaudino  (13),  who 
noted on cortisone therapy a  return  to preadrenalectomy hypertensive levels 
in  rats with mechanical  renal  damage.  Perera  et  al.  (14)  have reported  that 
this pressor effect is more marked in the absence of the adrenals. The present 
studies  introduce  the  observation that  the  rise in  tension  which  follows cor- 
tisone  acetate  administration  not  only  is  not  dependent  upon  an  adequate 
sodium intake, but is more marked in the adrenalectomized rat on a  reduced 
than on a high sodium intake. While the mechanism behind this rise in pressure 
remains obscure, it must differ sharply from that favoring the appearance of 
DCA-induced hypertension. The blood pressure elevation seen with cortisone KNOWLTON, LOEB, STOERK, WHITE,  AND  HEFFERNAN  203 
acetate was not associated with histological evidence of renal damage, whereas 
the kidneys of the hypertensive rats given DCA consistently showed tubular 
distention.  In  addition,  the  cortisone  acetate--injected  animals  showed  no 
alteration in electrolyte pattern such as was observed in the DCA hypertensive 
groups. Finally the cortisone-induced hypertension was more impressive in the 
adrenalectomized than in the  intact animal,  unlike the type seen with DCA 
which was equally severe in both preparations as recorded in the present experi- 
ment and as reported both by Green (15) and Friedman a  d. (16). The greater 
sensitivity  of  the  adrenalectomized  animal  to  the  hypertensive  effects  of 
cortisone acetate as manifested by the more severe hypertension is in accord 
with  the  recent work  of Ingle  (17)  who  reported  that  glycosuria and  renal 
damage are more severe in the adrenalectomized rat given  cortisone acetate 
than in the intact animal. The elevation of serum cholesterol seen in all groups 
receiving cortisone acetate was striking. Whether this change was in any way 
related to blood pressure changes remains unknown. 
The growth-inhibiting effect of cortisone acetate in the immature rat has been 
confirmed. As  mentioned  in  previous reports by Winter,  Silber,  and  Stoerk 
(18), this inhibition was greater than would be expected from calculations of 
food consumption. To induce comparable weight changes in control rats, it was 
necessary to limit their intake to from one-half to three-quarters of that of the 
cortisone acetate-injected animals. It is not possible to ascribe the weight loss 
in the present experiments to glycosuria since none was observed in th~ random 
urine  samples  tested. The absence of glycosuria in  these animals when com- 
pared with those of Ingle (17)  may be related to the lesser dosage employed 
here and  to  the  fact  that  the  animals  were not  force-fed. Perhaps a  better 
explanation  of  the  weight  loss  is  offered by  Hoberman's  (19)  studies  with 
tagged  glycine which gives  evidence of both an increased catabolism and  a 
decreased  anabolism  of protein in the hyperadrenal  rat.  Where  weight  loss 
occurred, the heart and kidneys did not share in the over-all loss.  These ob- 
servations confirm the recent report of Hall and Hall (20). Under all conditions 
studied, the serum electrolytes remained within normal limits in the cortisone 
acetate-injected animals.  In this  the rat differs from the dog  (21)  in  whom 
cortisone acetate, both in the adrenalectomized and in the intact animal, has 
been reported to  cause significant plasma  electrolyte changes,  notably a  de- 
crease in plasma  sodium and chloride and an  increase in plasma potassium. 
The elevated cholesterol levels obtained in the present experiments could not be 
ascribed to the weight loss per se, since animals fasted to similar weights but not 
receiving this Steroid showed no such elevation. 
Although it was evident that the adrenalectomized rats receiving cortisone 
acetate and restricted amounts of sodium were not in ideal condition there can 
be no question but that  the steroid prolonged the l'ife of these animals.  Ob- 
servations were not  continued  to define how long life could be maintained. 
The findings with respect to DCA  were confirmatory of previous reports. 204  ARTERIAL  HYPERTENSION  IN  ADRENALECTOMIZED  RATS 
Hypertension, cardiac and renal hypertrophy, hypochloremia, and hypokalie- 
mia  developed in  both  adrenalectomized and  intact  rats  on  a  high  sodium 
intake.  It  was  of interest  to  note  that  the  sodium-retaining  effects of  this 
steroid  were  of sufficient magnitude  to permit  normal  or  even better  than 
normal growth and maintenance of normal serum sodium values in adrenal- 
ectomized animals receiving a  diet so low in  this cation that untreated rats 
uniformly lost weight and died. This suggests that the rate of growth of adre- 
nalectomized rats on sodium  restriction might provide a  useful  bioassay for 
DCA-like material. 
CONCLUSIONS 
1.  Marked hypertension was induced in adrenalectomized rats on a sodium- 
restricted  intake  by  the  administration  of  ~ortisone  acetate;  on  a  similar 
regimen, adrenalectomized rats receiving DCA failed to become hypertensive. 
2.  The incorporation of a liberal amount of sodium in the diet of adrenaleco 
tomized rats receiving cortisone acetate resulted in a  lesser degree of hyper- 
tension; whereas on a similar regimen, DCA-injected animals became strikingly 
hypertensive, as has been previously reported. 
3.  The presence of hypertension in  the  cortisone acetate-treated rats was 
not associated with histological evidence of renal damage or serum electrolyte 
disturbance,  such  as  was  observed in  hypertensive animals  receiving DCA. 
4.  The  hypertension  in  sodium-restricted  normal  rats  receiving cortisone 
acetate was less striking than in similarly treated adrenalectomized animals. 
On a liberal sodium intake similar degrees of hypertension were noted in both 
intact and adrenalectomized groups. 
5.  To approximate the loss of weight which occurred in cortisone acetate- 
injected rats,  it was  necessary to  curtail the  food intake  of partially fasted 
control groups to 50 to 75 per cent of the amount consumed by the animals 
receiving the steroid. 
6.  The serum cholesterol levels of the cortisone acetate-injected rats were 
consistently and strikingly elevated as contrasted with normal, partially fasted, 
or DCA-treated animals. 
The authors express appreciation to Miss Judith Berg and to Mrs. Fern Brook for tech- 
nical assistance. 
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